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RELATED APPLICATION 



This application is related to co-pending and commonly assigned United States 
Patent Application, Serial Number. 09/798,402 entitled "ADAPTIVE SYNCHRONOUS DC 
FAN SPEED CONTROLLER" filed March 2, 2001, the disclosure of which is hereby 
incorporated herein by reference. 

TECHNICAL FIELD 

[0001] The present invention relates to systems and methods for aerodynamic flow, 
and in one aspect to a mounting apparatus for coupling control circuitry to an air moving device. 

BACKGROUND OF THE INVENTION 

[0002] Air moving devices such as fans and blowers are an important aspect of 
cooling and/or ventilation systems, such as the cooling systems employed in today's electronic 
devices, systems, etc. (e.g., computer devices such as central processing units (CPUs), server 
devices, storage devices, video cards, and the like). In the case of electronic devices, systems, 
etc., such air moving devices are typically used to push and/or draw air across heat sinks, in 
order to remove waste heat from components of these electronic devices, systems, and the like. 

[0003] Control circuitry is often employed to control one or more aspects of the 
operation of these air moving devices, particularly in situations where cooling and/or ventilation 
systems include a plurality of air moving devices. It has been recognized that significant 
benefits can be gained from controlling aspects of the operation of air moving devices. For 
example, control circuitry may be employed to influence the speed of an air moving device in 
response to the ambient temperature inside an electronic device or system (e.g., after a decrease 
in ambient temperature is detected, the speed of the air moving device is decreased). As a result, 
the air moving device may be operated at less than its maximum abilities, while still meeting any 
device or system cooling specifications. By operating an air moving device below its maximum 
abilities, significant audio noise reduction and power consumption reduction can be achieved. In 
addition, the ability to operate the air moving device at a less than maximum speed, while still 
meeting any cooling and/or ventilating specifications, also reduces wear to the air moving 
device. 
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[0004] It has also been recognized that by synchronizing all of the air moving 
devices in a multiple-air moving device system, device-to-device beat frequencies can be 
eliminated. In addition, device synchronization provides reduced perceived audio noise, reduced 
chassis vibration modes, more uniform air flow, and constant air flow over time and air moving 
device aging. 

[0005] Typically the above discussed control circuitry is located on the main 
printed circuit board (PCB) situated inside the electronic device, system, etc., the one or more air 
moving devices are employed to cool and/or ventilate. Normally, this centralized control 
circuitry controls all air moving devices within the electronic device or system. One undesirable 
side effect of such centralized control circuitry is a lack of redundancy. For example, in at least 
some instances, if the central control circuitry fails for some reason, so to do all of the air 
moving devices of the cooling system. 

[0006] Another notable disadvantage of such centralized circuitry is that it 
occupies valuable system or device space. Space within an electronic device and/or system is 
scarce. Therefore, centralized control circuitry, or any circuitry extending beyond the 
volume/profile of the air moving device(s), takes up electronic device or system space that could 
be otherwise occupied by other circuits, components, etc. As a result, system or device design is 
often comprised to accommodate such centralized control circuitry. 

[0007] In response to this lack of redundancy and/or scarcity of space, some air 
moving device manufacturers have attempted to localize the control circuitry to the air moving 
device. For example, at least one manufacturer has begun incorporating control circuitry onto a 
PCB, which is disposed inside the hub of an air moving device. 

[0008] Incorporating control circuitry into the hub of an air moving device, 
however, presents at least a few problems. First, in some circumstances, the control circuitry 
needed to facilitate all of the desired functions for an air moving device may be too large to 
incorporate into the hub of the air moving device. In addition, incorporating control circuitry 
into the hub of an air moving device normally takes cooperation between an air moving device 
manufacturer and a control circuitry manufacturer. For example, oftentimes, the control circuitry 
manufacturer must first find a device manufacturer willing to incorporate the circuit 
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manufacturer's control circuitry into at least one of the device manufacturers' air moving 
devices. Furthermore, if the circuit manufacturer is able to find such a device manufacturer, 
oftentimes the control circuitry, as well as where the control circuitry is disposed within an air 
moving device, must be developed to the device manufacturer's specific air moving device. 
Therefore typically, the control circuitry cannot be deployed with other manufacturers' air 
moving devices. As a result, an undesirable single customer and/or supplier scenario arises for 
the circuit manufacturer. Furthermore, if an air moving device manufacturer does not want to 
incorporate control circuitry into the hub of the air moving device, an off the shelf version of the 
air moving device can not be easily converted into a device having control circuitry in its hub. In 
addition to the above, air moving devices having control circuitry in their hubs are relatively 
more expensive than fans not including such circuitry. 

BRIEF SUMMARY OF THE INVENTION 

[0009] The present invention is directed to a mounting apparatus for mounting 
control circuitry to an air moving device. In at least one embodiment, the mounting apparatus 
includes one or more retaining members operable to retain control circuitry for the air moving 
device. In various embodiments, the apparatus also includes one or more mounting members 
enabling the coupling of the apparatus to a portion of an air moving device other than a hub. In a 
preferred embodiment, the dimensions of the mounting apparatus, as well as the control 
circuitry, are such that when an assembly comprising the mounting apparatus and the control 
circuitry is coupled to the air moving device, the assembly does not protrude beyond the volume 
of the air moving device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 0] FIGURE 1 A depicts a front view of an exemplary embodiment of an air 
moving device; 

[0011] FIGURE IB depicts a side view of an exemplary embodiment of an air 
moving device; 

[0012] FIGURE 1 C depicts a top view of an exemplary embodiment of an air 
moving device; 
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[0013] FIGURE 2 depicts an exemplary embodiment of a mounting apparatus; 

[0014] FIGURE 3 depicts an exemplary embodiment of a mounting assembly 
including the mounting apparatus of FIGURE 2; 

[001 5] FIGURE 4A depicts a front view of an exemplary embodiment of an air 
moving device to which the assembly of FIGURE 3 has been coupled; 

[001 6] FIGURE 4B depicts an aerial view of an exemplary embodiment of an air 
moving device to which the assembly of FIGURE 3 has been coupled; 

[0017] FIGURE 5 depicts an exemplary embodiment of a connector assembly; and 

[00181 FIGURE 6 is an exploded isometric view of an air moving unit assembly. 

DETAILED DESCRIPTION OF THE INVENTION 

[0019] FIGURES 1 A, IB, and 1C are respectively a front view, side view, and top 
view of an embodiment of air moving device 100. Air moving device 100 may be any one of the 
known air moving devices to include axial fans such as tube axial fans, vane axial fans, and the 
like. 

[0020] In at least one embodiment, air moving device 100 includes hub 110 
rotatably mounted on frame 120. A plurality of blades 130 are coupled to (e.g., integrated with) 
hub 1 10. Preferably, each of the blades are situated such that an individual blade is coupled to 
hub 1 10 at a proximal end of the blade and projects in a substantially radial direction away from 
the hub. Furthermore, in at least one embodiment, air moving device 100 includes a motor 
assembly (not shown) coupled to hub 1 10 operable to rotate hub 1 10 (and therefore, blades 130) 
in a given direction. In some embodiments, air moving device 100 includes electrical circuitry 
facilitating the operation of device 100 (e.g., circuitry facilitating the operation of the motor 
assembly). In at least one embodiment, at least a portion of such circuitry is incorporated on a 
printed circuit board (PCB). Furthermore, in one embodiment, this printed circuit board is 
situated in hub 110. 



25044395.1 



5 



Attorney Docket No. 10017869-1 

[0021] Frame 120, mentioned above, preferably includes rectangular first panel 
140 and rectangular second panel 150, as well as circular interior portion 160 situated between 
panels 140 and 150. In addition, in at least one embodiment, frame 120 includes one or more 
supports (not shown) coupled to (e.g., integrated with) panel 140, panel 1 50, and/or portion 160. 
Furthermore, in at least one embodiment, first panel 140 and second panel 150 include one or 
more mounting holes (e.g., mounting holes 170 and 180) for mounting air moving device 100 to 
(e.g., within) an electronic device or system. Preferably, air moving device 100 may be mounted 
to an electronic device or system using only two of the mounting holes present on panels 140 and 
150. In addition to the above, as can be seen in FIGURES 1 A, IB, and 1C, air moving device 
100 includes one or more open spaces (e.g., open space 190) spanned by first panel 140, second 
panel 150, and/or circular inner surface 160. In at least one embodiment, air moving device 100 
is a 120 mm fan carrier or other industry standard sized air moving device carrier. 

[0022] It will be appreciated by one of ordinary skill in the art that the 
configuration of air moving device 100 in FIGURE 1 is by way of example only, for air moving 
device 100 may have other configurations. For example, panels 140 and 150 may have a shape 
that is not rectangular. Similarly, portion 160 may have a shape that is not circular. 
Furthermore, air moving device 100 may include more, less, and/or different elements than those 
depicted in FIGURE 1 . For example, air moving device 100 may include stationary venturi. 
Furthermore, in at least one embodiment, air moving device 100 includes stator blades, guide 
vanes, stationary vanes, and/or the like. Moreover, in at least one embodiment, air moving 
device 100 lacks portion 160. 

[0023] FIGURE 2 depicts an exemplary embodiment of a mounting apparatus for 
coupling to device 100 control circuitry operable to control at least a portion of the operation of 
air moving device 100 (e.g., the speed and/or phase of device 100). Preferably, the mounting 
apparatus enables the mounting of the control circuitry within the volume/profile of device 100 
(i.e., when coupled to device 100, the mounting apparatus and control circuitry would not 
occupy anymore space within an electronic device, system, etc., than the device or system space 
that would be occupied by device 100 sans the apparatus and control circuitry). Also preferably 
the mounting apparatus enables the coupling of the control circuitry to some portion of air 
moving device 100 other than hub 1 10. In various embodiments, mounting apparatus 200 
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includes frame 210. In at least one embodiment, frame 210 includes one or more mounting 
members enabling the coupling of said mounting apparatus to device 100. In the embodiment of 
FIGURE 2, these one or more mounting members comprise mounting arms 220-1 and 220-n. 
Furthermore, in at least one embodiment, each of mounting arms 220-1 and 220-n includes a 
mounting appendage (e.g., mounting appendages 230 and 270). In some embodiments, 
mounting apparatus 200 is coupled to air moving device 100 by situating at least a portion of at 
least one mounting appendage of apparatus 100 within at least one mounting hole of frame 120. 
In at least one embodiment, this involves situating at least a portion of mounting appendage 230 
within mounting hole 170 of frame 120 and situating at least a portion of mounting appendage 
270 within mounting hole 180. 

[0024] Furthermore, in at least one embodiment, frame 210 also includes one or 
more retaining members. In the embodiment of FIGURE 2, these one or more retaining 
members comprise retaining arms 240-1 and 240-n. In various embodiments, the retaining 
members of frame 210 are operable to retain the earlier mentioned control circuitry. In at least 
one embodiment, the retaining members are operable to retain a printed circuit board (PCB) 
incorporating such control circuitry. 

[0025] In some embodiments, each of retaining arms 240-1 and 240-n includes a 
bracing appendage (e.g., bracing appendages 260 and 280). Preferably, one or more of retaining 
arms 240-1 and 240-n also include securing appendage 250. In various embodiments, a PCB 
having control circuitry incorporated therein is situated adjacent the bracing appendages of 
apparatus 200. In at least one of these embodiments, securing appendage 250 secures the PCB in 
a position adjacent one of the bracing appendages of apparatus 200. 

[0026] Furthermore, in at least one embodiment, when apparatus 200 is coupled to 
air moving device 100, the bracing appendage(s) helps maintain the mounting apparatus (and 
any control circuitry attached thereto or included therein) at a desired angle in relation to a plane 
bisecting both panel 140 and panel 150. In one embodiment, the bracing appendage(s) helps 
maintain the apparatus at such a desired angle regardless of the orientation or direction of 
movement of air moving device 100. Furthermore, in at least one embodiment, the bracing 
appendage(s) of apparatus 200 helps maintain apparatus 200 at a desired angle by bracing 
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apparatus 200 such that the apparatus does not pivot about the rotational axis of the mounting 
appendage(s) of apparatus 200. 

[0027] Mounting apparatus 200 may be manufactured via numerous methods. For 
example, in one embodiment, apparatus 200 is formed by plastic injection molding. In another 
embodiment, apparatus 200 is a wire form part. In yet another embodiment, apparatus 200 is 
formed via metal die casting. In still yet another embodiment, apparatus 200 is formed by 
stamping. In at least one embodiment, apparatus 200 is formed by some combination of the 
above. 

[0028] FIGURE 3 depicts an exemplary embodiment of mounting assembly 300 
that includes mounting apparatus 200 and control circuitry for controlling at least a portion of the 
operation of air moving device 100 (e.g., the speed and/or phase of device 100). In the 
embodiment of FIGURE 3, the control circuitry is incorporated into exemplary PCB 310. As 
illustrated, PCB 310 includes notch 320 for receiving retaining arm 240-1 of apparatus 200. 
Moreover, areas 330-1 and 330-2 of PCB 310 are situated adjacent bracing appendage 260. 
Furthermore, in one embodiment, securing appendage 250 helps secure PCB 310 in a position 
adjacent bracing appendage 260. 

[0029] The situation is similar with respect to retaining arm 240-n. For example, 
PCB 310 includes notch 340 for receiving retaining arm 240-n. Also similar to the above, 
portions of PCB 310 are adjacent the bracing appendage of retaining arm 240-n. In addition, in 
at least one embodiment, retaining arm 240-n also includes a securing appendage that secures 
PCB 310 in a position adjacent the bracing appendage of arm 240-n. 

[0030] In at least one embodiment, some portion of apparatus 200 is at least 
slightly pliable so as to facilitate the coupling of the control circuitry to apparatus 200 (e.g., 
facilitate the coupling of PCB 310 to apparatus 200). 

[0031] The particular control circuitry employed in embodiments of the present 
invention (e.g., the control circuitry incorporated into PCB 310) depends upon the particular 
aspect of device 100's operation that is to be controlled by the circuitry. In at least one 
embodiment, the components of the control circuitry incorporated into PCB 310 may include an 
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input connector(s), output connector(s), or some combination thereof, voltage regulator(s), 
processor(s), protection diode(s), voltage level translation circuit(s), switching element(s), 
isolation/hot swap circuit, indicator LED(s) (e.g., to indicate air moving device status), and/or 
the like. Preferably, the components of the control circuitry are such that the entire control 
circuitry may be built (in at least one embodiment, compactly) on one side of PCB 310, with the 
opposite side being operable as a ground plane. In one embodiment, the control circuitry 
occupies only about a square inch of board area. Exemplary embodiments of the control 
circuitry that may be incorporated into PCB 310 is disclosed in United States Patent Application 
No. 09/798,402 entitled "ADAPTIVE SYNCHRONOUS DC FAN SPEED CONTROLLER", 
previously incorporated herein by reference. 

[0032] Similar to earlier discussions, preferably the dimensions of PCB 3 1 0, as 
well as those of apparatus 200, are such that when assembly 300 is coupled to air moving device 
100 in such a manner that assembly 300 is situated somewhere within the volume of device 100, 
no portion of assembly 300 protrudes beyond the volume/profile of the air moving device. In 
other words, the dimensions are such that air moving device 100 with assembly 300 mounted 
therein would occupy no more space within an electronic device, system, etc., than device 100 
would without assembly 300. In at least one embodiment, the dimensions of PCB 310 are one 
inch by one inch (1" x 1"). 

[0033] It shall be appreciated by one of ordinary skill in the art that the 
configuration of mounting apparatus 200, PCB 310, and assembly 300 provided in FIGURES 2 
and 3 is by way of example only, for mounting apparatus 200, PCB 310, and assembly 300 may 
have several configurations. For example, mounting apparatus 200, PCB 310 and assembly 300 
may have fewer, greater, and/or different elements, as well as a different arrangement of 
elements, than those depicted in FIGURE 2 and/or 3. For instance, in at least one embodiment, 
the one or more mounting and/or retaining members of apparatus 200 may include a structure 
other than an arm. Moreover, rather than having separate structures for mounting and retaining, 
apparatus 200 may include a single structure for performing both functions. Furthermore, in one 
embodiment, apparatus 200 does not include mounting appendages 230 and/or 270. In addition, 
in at least one embodiment, two or more of the mounting arms and/or two or more of the 
retaining arms of apparatus 200 have different dimensions. Furthermore, in at least one 
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embodiment where retaining arms 240-1 and 240-n have different dimensions, notch 320 and 
notch 340 of PCB 310 are each configured such that only one of the retaining arms may be 
received therein. Moreover, in at least one embodiment, PCB 310 does not include notch 320 
and/or notch 340. Additionally, in at least one embodiment, circuitry (e.g., control circuitry) 
may be incorporated onto the back side of PCB 3 10. Moreover, in at least one embodiment, the 
control circuitry is incorporated into a structure other than a PCB. 

[0034] FIGURES 4A and 4B are respectively a front and aerial view of an 
embodiment of air moving device 100 after an embodiment of assembly 300 has been coupled 
thereto. In the FIGURES 4A and 4B, assembly 300 is disposed within the volume of air moving 
device 100. In particular, assembly 100 is situated within open space 190. Moreover, in 
FIGURES 4A and 4B, assembly 300 does not protrude beyond the volume of air moving device 
100. More particularly, assembly 300 does not protrude beyond open space 190. 

[0035] Furthermore, as shown in FIGURES 4 A and 4B, the bracing appendage(s) 
of apparatus 200 brace the apparatus such that apparatus 200 (as well as PCB 310) does not pivot 
about the rotational axis of the mounting appendage(s) of apparatus 200. As mentioned earlier, 
preferably, the bracing appendage(s) aids in maintaining the apparatus 200 and/or the control 
circuitry at a desired angle in relation to a plane bisecting both panel 140 and panel 150. In 
FIGURES 4A and 4B, the bracing appendage(s) helps maintain the apparatus at such a desired 
angle regardless of the orientation or direction of movement of air moving device 100 (e.g., if 
assembly 300 was situated in space 195 of FIGURE 1, instead of space 190). In at least one 
embodiment, the above described desired angle of orientation is approximately 45°. In such 
embodiments, a 45° angle is desired because, for such embodiments, a 45° angle maximizes the 
size of the control circuitry PCB that may be mounted to device 100. 

[0036] In FIGURES 4A and 4B, assembly 300 is coupled to air moving device 100 
by situating at least a portion of mounting appendage 230 within mounting hole 170, as well as 
situating at least a portion of mounting appendage 270 within mounting hole 180. However, it 
will be appreciated by one of ordinary skill in the art that this particular method of coupling 
assembly 300 to device 100 is by way of example only, for assembly 300 may be coupled 
through other means. For, example, in at least one embodiment, assembly 300 is mounted to 
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device 100 through the use of an adhesive. In another embodiment, assembly 300 is soldered to 
device 100. In yet another embodiment, device 110 includes supports and/or struts to which 
assembly 300 maybe secured. 

[0037] Furthermore, in at least one embodiment, assembly 300 is secured to air 
moving device 100, e.g., through screws, bolts, or other fastening means. For example, in one 
embodiment, a portion of a screw, bolt, etc., is passed through mounting hole 170 and at least 
partially within mounting appendage 230 and/or some other portion of mounting member 220-1 . 
Similarly, a portion of another screw, bolt, etc., is passed through mounting hole 180 and at least 
partially within mounting appendage 270 and/or some other portion of mounting member 220-n. 
Moreover, in at least one embodiment, a single screw, bolt, etc. is passed through mounting 
appendages 230 and 270 and/or some other portion of mounting members 220-1 and 220-n, as 
well as through mounting holes 170 and 180. 

[0038] In at least one embodiment, as part of mounting the above discussed control 
circuitry to air moving device 100, the control circuitry is communicatively coupled to some 
portion of the earlier mentioned electrical circuitry of air moving device 100. For example, in at 
least one embodiment, PCB 310 is communicatively coupled to some portion of the earlier 
mentioned electrical circuitry of air moving device 100. In addition to or in lieu of the above, in 
at least one embodiment, the control circuitry is acommunicatively coupled to an exterior 
connector operable to communicatively couple the control circuitry and/or device 100 to one or 
more other components of the earlier mentioned electrical device, system, etc. In at least one 
such embodiment, PCB 310 is communicatively coupled to the exterior connector. 

[0039] FIGURE 5 depicts an exemplary embodiment of connector assembly 500 
operable to communicatively couple circuitry of device 100 to PCB 310 and/or PCB 310 to the 
above described external connector. In at least one embodiment, connector assembly 500 
includes cable assembly 540, input/output connector 510, cable assembly 550, and air moving 
device connector 520. In at least one embodiment, PCB 310 is communicatively coupled to air 
moving device 100 by coupling connector 510 to a header incorporated into PCB 310, as well as 
coupling air moving device connector 520 to a header included in the circuitry of air moving 
device 520. In at least one embodiment, the above discussed headers comprise the "male" 
portions of a connector board incorporated into the respective circuitry. 
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[0040] Also, in various embodiments, PCB 3 1 0 is communicatively coupled to 
exterior connector 530 by coupling cable assembly 540 to exterior connector 530, as well as to 
input/output connector 510. In at least one embodiment, exterior connector 530 is coupled to the 
frame of device 1 00. 

[0041] It will be appreciated by one of ordinary skill in the art that the 
configuration of connector assembly 500 depicted in FIGURE 5 is by way of example only for 
connector assembly 500 may have several different configurations. In addition, PCB 310 may 
be communicatively coupled to circuitry of air moving device 100 and/or one or more other 
components of the electronic device, system, etc., by some means other than connector 500. For 
example, in at least one embodiment, rather than employing connector assembly 500, PCB 310 is 
directly wired to the circuitry of air moving device 100, as well as exterior connector 520 (and/or 
to the other device, system, etc., components themselves). Similarly, in at least one embodiment, 
a portion of connector assembly 500 is directly wired to PCB 3 10 or air moving device 100, 
rather than including input/output connector 510 or device 520. Moreover, in at least one 
embodiment, the circuitry of device 100 includes a connector which itself includes a cable 
assembly. This cable assembly is coupled to a larger cable assembly that may be coupled to 
input and output connectors of PCB 310. 

[0042] In addition, in at least one embodiment, air moving device 1 00 is part of an 
air moving unit assembly. Non-limiting examples of locations for exterior connector 530 and the 
above discussed control circuitry within an exemplary air moving unit assembly 600 is depicted 
in FIGURE 6. As illustrated, air moving unit assembly 600 includes housing 630, rear panel 
620, and air moving device 100. These three structures are fastened together by fastening 
members 640 and 650. As shown, PCB 310, as part of assembly 300, may be mounted within 
the volume of device 100. Furthermore, exterior connector 520 may be at least partially 
disposed within an opening 610 in rear panel 620. 

[0043] It will be appreciated from the above detailed description that the invention 
offers many advantages over the prior art. For example, because in various embodiments, the 
assembled apparatus and control circuitry may be mounted within the volume/profile of the air 
moving device, the assembled apparatus and control circuitry does not take up any more device, 
system, etc., space than the air moving device itself. As a result, valuable real estate in the 
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electronic device, system, etc. can be freed up for other components. In addition, device or 
system design need not be compromised to accommodate control circuitry. 

[0044] Moreover, the air moving device itself need not be compromised to 
accommodate the mounting apparatus and control circuitry since, in at least one embodiment, the 
space in which the apparatus and control circuitry is situated is otherwise unused space of the air 
moving device. Furthermore, since a plurality of industry standard air moving devices include 
such unused space (as well as the earlier described mounting holes), various embodiment of the 
apparatus may be employed in a variety of air moving devices from various manufacturers. As a 
result, the single customer and/or supplier scenario discussed earlier may be avoided. In 
addition, the easy to assemble means of retaining control circuitry provided by various 
embodiments of the present invention provides a relatively easy means for converting an off the 
shelf air moving device having no control circuitry into one having such circuitry. 

[0045] Furthermore since in at least one embodiment, the control circuitry is not 
disposed within the hub of air moving device 100, a greater number of circuit components than 
would normally otherwise be possible if the circuitry was disposed within the hub may be 
included in the control circuitry for the air moving device. 
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